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THE YIELDING CAPACITY OF COLCHICINE-INDUCED 
POLYPLOID SUGAR BEETS 


INTRODUCTION 


During the last decade colchicine has been used 
extensively to induce polyploidy in plants. Stable poly~ 
ploids of many plant genera have been produced and fre- 
quently these have been subjected to yield tests in com= 
parison with their normal parental species. 

Studies in the field of induced polyploidy seem 
to have had two main purposes: 1. to augment the general 
knowledge of cytogenetics and the mechanisms of heredity 
and evolution; and 2, to improve the productivity or 
utility of economic plants by doubling their chromosome 
number. The current study belongs in this latter divi-~ 
sione | 

Polyploid sugar beets, resulting from colchicine 
treatments, have been produced in several countries (1, 13, 
20, 25, 27). In Canada, Peto (20) induced polyploid strains 
of sugar beets and much of the material tested in the pre- 
sent work originated from this source. 

At the time the present work was undertaken there 
were very limited published results on the yield performance 


of tetraploid sugar beets. The available results (20) (21) 
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were Secured under conditions widely different from those 
which obtain in southern Alberta where climatic environment 
seems to be especially favorable to the synthesis of sucrose. 
Under Alberta conditions there has not been a depression in 
sugar content with increased size of roots, from improved 
cultural treatments, as has been the experience in other 
areas devoted to sugar beet production. All available 
evidence suggested that polyploid sugar beets could be ex- 
pected to-display an increase in root size and, consequently, 


a Similar increase in the total production of sucrose. 
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LITERATURE REVIEW 


The literature dealing with colchicine-induced 
polyploidy is already voluminous. As early as 1940 Dermen 
(10) reviewed 87 papers. Therefore it has seemed discreet 
in the present work to confine the review mainly to papers 
dealing either with polyploidy in sugar beets or with the 
effect of polyploidy on the chemical composition of crop 
plants. 

Wellensieck (29) and Dermen (10) have made 
studies on the chronology of colchicine-induced polyploidy 
and have reported that the modern history of the utiliza- 
tion of this drug to induce polyploidy began in the labor- 
atory of Professor A.P. Dustin, Brussels, Belgium. In 1934, 
Fed. Lits, (17) a student of Professor Dustin, studied the 
cellular reactions of animal tissue to treatment with col- 
chicine. This was followed in the same laboratory by the 
work of Havas (15) in which he investigated the effects of 
colchicine on germinating wheat seedlings. 

According to Dermen (10) the first successful 
colchicine induction of polyploidy in plants on this contin- 
ent was reported by Blakeslee (5) and Blakeslee and Avery 
(6). Induced polyploidy has brought about widely variable 
changes in plants with respect to their physiology, chemical 


composition, morphology, and reproductive powers. Practically 
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all investigations of higher plants reveal that polyploids 
exhibit larger individual cells and fewer of them than 
normal diploids. Generally it has been found that the 
artificial induction of autopolyploidy is accompanied by a 
reduction in fertility. 

Emsweller and Ruttle (11) have reported on in- 
duced polyploidy in floriculture which was the field first 
given attention by Blakeslee and Avery (6) and by Nebel 
and Ruttle (19). These authors state that induced poly- 
ploidy may have a place in the culture of ornamental plants 
Since the new polyploid inductions have displayed several 
apparent advantages viz., size of flower, lateness in 
blooming (thus allowing a longer season), and quality of 
stem. The reduced fertility factor is obviously of less 
importance in those Species which are propagated vegeta- 
tively. 

Ross and Boyes (26) induced tetraploidy in flax 
and found that, while the size of seed was significantly 
increased, fertility was reduced to the extent that yields 
were definitely inferior. Evans and Johnson (12) report 
that induced tetraploids in sweet clover (Melilotus alba 
Desr.) displayed larger seeds and more vigorous seedlings 
although the apparent early increased growth rate was not 
maintained and there were no differences in yield when 
comparisons were made with normal diploid plants. Neither 


were there any differences in the nitrogen or coumarin 
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content. The incidence of larger than normal seeds aris- 
ing from induced polyploids is an observation recorded by 
many investigations. (3, 4, 12, 21, 22). It seems highly 
probable that the increased vigor of polyploid seedlings 
would be accounted for in large measure by the fact that 
they arose from larger seeds. | 

With reference to the chemical content of in- 
duced polyploids, Sullivan (28) found that, compared to 
normal diploids, induced tetraploids of perennial rye- 
grass (Lolium perenne L.) contained less dry matter but 
significantly more sucrose and more total sugars. In 
white clover (Trifolium repens L.) octoploid plants were 
lower in both fibre and carotene than tetraploid plants. 
Increases of more than 40% in vitamin A activity of tet- 
raploid corn meal as compared to meal made from original 
diploids has been reported by Randolph and Hand (22). 
Japanese investigators are quoted (23) as having in- 
ereased the nicotine content of tobacco plants (Nicotiana 
tabacum L.) by 18% to 33% as a result of having doubled 
the chromosome number in common strains. Simultaneously, 
Significant increases were noted in total nitrogen, fats, 
calcium, potassium, and magnesium, together with compen- 


Sating decreases in carbohydrates, sulphur, and phosphorus. 
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Sugar beets were one of the earliest crops in 
which improvement was attempted by colchicine-induced 
polyploidy. In Sweden, Rasmusson and Levan (25) pro- 
duced tetraploid sugar beets by immersing the very young 
shooting flower stalks in a test tube containing a 1% 
aqueous solution of colchicine for periods of 24 to 48 
hourse The German workers Frandsen (13) and Schwanitz 
(27) treated the tops of full grown beets before bolting 
ensued. By this method they procured some tetraploid 
shoots among a large number of normal diploid shoots on 
each plant. 

On this continent Artschwager (3) (4) treated 
Sugar beet seed with an aqueous solution of 0.5% colch- 
icine and subsequently selected approximately 100 indi- 
viduals believed to be tetraploid out of several thousand 
seedlings obtained from treated seed. The seed yields 
from these tetraploid individuals were generally moderate 
or small and some plants did not set seed. The seed balls 
were predominantly larger than those from comparable dip- 
loids. Although there was great variation between the 
various individuals, nevertheless on the whole the tetra- 
ploids displayed much larger stomatal cells and pollen 
grains than the corresponding diploid material. 

| Abegg (1) (2) also produced tetraploid sugar 
beets and has reported on two results of yield tests com- 


paring the tetraploid strains with their parental diploids. 
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The tetraploids were produced by soaking seed in a 0.4% 
solution of colchicine for 2 days and subsequently select- 
ing the abnormal seedlings. First generation tetraploid 
offspring were obtained by crossing individuals which on 
the basis of pollen size were adjudged to be tetraploid. 
Of incidental interest is the fact that tetrasomic inher- 
itance of the R - r hypocotyl color-factor pair was used. 
as Substantiation of tetraploidy among these siecle 
As a result of yield tests in 1940, which included nine 
tetraploid strains and three parental diploids, in a ran- 
domized-block experiment, the author reports that the 
lowest yielding 4n strain averaged 2.51 pounds per beet 
contrasted to 3.07 pounds per beet for the comparable 
diploid parent; the highest yielding 4n strain produced 
beets of average weight of 4.14 pounds each compared to 
2.81 pounds each for the corresponding parental diploid. 
In single row plantings of tetraploids and 
parental diploids which were harvested and compared in 
pairs the tetraploids showed an average weight of 2.56 
pounds and the diploids an average weight of 2.70 pounds. 
However, one tetraploid strain exceeded its parental dip- 
loid in root weight by 13.8%. This increase was statis- 
tically significant. The percentage of sucrose of the 
tetraploids was significantly lower than that of the dip- 


loids in the majority of the comparisons. 
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The 1941 results were quite closely corroborative 
of the 1940 data, and therefore led this investigator to 
conclude that doubling the chromosome number in sugar beets 
has not generally resulted in increased productivity over 
the normal diploid varieties. However the exceptional 
vigor of some 4n strains suggested to him the possibility 
of progress by discriminating selection. | 

Lynes and Harris (18) attempted several methods 
of inducing polyploidy in sugar beets and found that x-rays, 
calcium phogphate, and ethyl mercury phosphate capsules 
gave negative results. Colchicine was effective in both 
seed soaking and agar capsule treatments; soaking seed in 
ethyl mercury phosphate solution gave positive results as 
did irrigation treatments with sulphapyridine and sulfanil- 
amide solutions. 

In 1938 Peto and Boyes (20) treated young flower- 
ing branches of sugar beets with agar capsules containing 
1% or 5% colchicine end thereby induced tetraploid sectors. 
Apparently these were subsequently pollinated by diploid 
pollen as a quantity of triploid seed was obtained and pos- 
itively identified by chromosome counts of the seedling 
root tips. Sufficient triploid and comparable diploid 
plants were produced in the greenhouse to transplant into 
a small replicated field test. The yield results from this 
test were studied with great interest since they constituted 
the first field comparison of induced-polyploid beets with 
their parental diploids. The triploids exceeded the diploids 
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by 12.2% in root weight, 14.9% in indicated yield of sucrose, 
17.8% in dry top weight, and were exactly equal in sucrose 
percentage. These differences were all statistically significant. 
The data were also studied in regard to the regression relation- 
ships between percentage of Sucrose and root size. The slopes 
of the regression lines for triploids and diploids were sig- 
nificantly different. Triploids showed an average decrease 
of .17% of sucrose for each increase of 100 grams in root 
weight, with the diploids the comparable figure was .34%. 
The correlation coefficients for these two factors were -0.74 
and ~0.54 for the triploids and diploids respectively; both 
were highly significant. 

Regression lines were also computed for the yield 
of sucrose per beet on weight of beet. These lines suggested 
a decided “gecaeer for the triploids over the diploids. 
Whereas the diploid regression line began to fall into a 
decided curve from its mid-point indicating, that for large 
beets the yield of sucrose was not comparably high, the tri- 
ploid relationship remained practically linear throughout 
indicating that it Should be possible to produce very larce 
triploid beets without any serious reduction in percentage 
of sucrose. 

Subsequent to the investigations of Peto and Boyes 
(20) additional work with material from the same source has 
been reported on by Peto and Hill (21). In a randomized- 


block experiment including two parental diploids, a triploid, 
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hybrid triploid, tetraploid, and hybrid tetraploid, the 
polyploids displayed much more uniformity than their 
parental diploids. The hybrid tetraploid was significant- 
ly higher, in tons of roots per acre, than all other 
strains except one of its parental diploids. Generally 
speaking the polyploids were lower in percentage of sucrose 
than the diploids although this was ascribed in part to the 
degree of severity of defoliation by Cercospora leaf-spot. . 
In spite of this the hybrid tetraploid ranked second in the 


production of sucrose per acre. 
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MATERIALS AND METHODS 


The polyploid strains used in this study were pro- 
duced by colchicine treatment of normal sugar beet seeds. 
The method consisted of placing a small quantity of seed on 
blotting paper in a petri dish; the blotting paper was then 
moistened with sufficient 0.4% colchicine to provide optimum 
germinating conditions and the seeds were allowed to germin- 
ate from 48 to 96 hours. Following this treatment all seeds 
were planted in soil contained in greenhouse flats. It was 
usually found that the germination percentage had been re- 
duced about 50%. As the seedlings emerged they were rigor- 
ously selected and all normal appearing ones were discarded. 
The abnormal, but vigorous, seedlings were pricked out and 
planted in small pots and subsequently transplanted to the 
ficld. As the roots approached the size at which they are 
usually harvested an elimination was made on the basis of 
stomatal size. It was found that the area indices of stomata 
on tetraploid leaves were generally about twice as great as 
those on comparable diploid leaves, and plants with small 
stomatal cells were therefore destroyed. 

At harvest time the surviving tetraploid roots 
and comparable diploid roots were removed to the greenhouse 


and so arranged by isolation and alternation that seed of 
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either triploid, hybrid triploid, tetraploid, or hybrid tetra- 
ploid would be produced. (In this paper, "hybrid triploid" 
means that a diploid of one variety and a tetraploid of another 
were crossed; in a triploid the parents were of different 
chromosomal constitution but of the same variety). At time of 
pollination individuals were again checked for ploidy using 
pollen size as the criterion. 

In the spring of 1942, a field experiment was designed 
to test 17 different strains; these included five of triploid 
constitution, seven of tetraploid constitution, four parental 
diploids, and one unrelated diploid in common use in Southern 
Alberta. All strains except one were of European origin. 

The exception (Great Western) was developed by the Great 
Western Sugar Co., Denver, Colo. A list of strains with their 
chromosome constitution is presented below in Table I. 

The experiment was located on land leased by Canadian 

Sugar Factories Ltd. near their processing factory at Picture 


Butte, Alberta. 
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TABLE I 


Summary means Of root weight, percentage of sucrose, 
and indicated sucrose per beet, of fifteen strains 
of sugar beets included in a polyploid 


yield test in 1942. 


Acces. Root 

Strain NO Ploidy Wt. 
OZe 

Buszezynski H4005 3n 40.3 
Buszeznyski 14113 en 40.4 
Buszeznyski T4121 4n 37.0 
Sandomiersko 13802 en 33.9 
Sandomiersko T4116 4n 3226 
Sane XA Bus. XH4128 4n 31 yl 
Sane X Bus. XH4129 3n 95.65 
San. X Bus. XT4126F] 4n 28 .6 
San. X Bus. XT4107 Fo 4n 45.3 
Schreiber 13803 2n 32.7 
Schreiber T4109 An 43.0 
Great Western 14114 en 38.6 
Great Western T4114 4n 59 43 
GW. X Schr. iX7T4125 4n 47.7 
Dobrovice 34102 2n 38.9 


ys Indic. suc- 

Sucrose rose per beet 
Oz. 
18.7 7] 49 
19.3 5.92 
19.1 7209 
19.6 6.59 
19.1 6.24 
19.6 "Oe LL 
MOSS 6.46 
19.8 5.64 
19.2 8.66 
19.3 6.32 
19.1 8.18 
19.8 71.64 
18.0 71.03 
18.6 8.86 
Vise 142 
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The field plan of the experiment was a complete 
randomized-block design with 10 replications of the 17 strains. 
A plot consisted of 10 hills 22 inches apart in 22-inch rows. 
Seeds were planted by hand on May 14 at the rate of 4 or 4 
seeds per hill. The beets were later thinned to one plant per 
hill and subsequently cared for in the acceptable manner for 
commercial sugar beets in the area. They were irrigated twice. 
Two hybrid triploids from reciprocal crosses (Schreiber 4n X 
Dobrovice 2n) failed to germinate satisfactorily and there- 
fore were discarded. At harvest time all beets from each 
plot were dug, cleaned, topped, and weighed and a pulp sample 
from each beet was composited to provide a sample for deter- 
mination of the percentage of sucrose. The sucrose analyses 
were made in the laboratory of Canadian Sugar Factories Ltd. 
using the Sachs-Le Docte hot-water digestion method (9). 


Stetistical reduction of the data follows the method out- 
lined by Goulden (14). 
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EXPERIMENTAL RESULTS 


The experimental results are shown in Table I 
under the following headings, average weight per beet, 
percentage of sucrose, and indicated sucrose per beet. 

It will be noted from Table I that generally 
the polyploids produced larger beets than the diploids 
but the percentage of sucrose of the diploids was usually 
superior. 

Analysis of Root Yield 
The analysis of variance of the yield of roots 


of the various strains is presented in Table II. 


TABLE II 


Anelysis of variance of individual root yields 
or polyploid and diploid sugar beets 
grown in 1942. 


Variance due to Dee Mean squares F value 
Replications 9 Ol. 53 1.57 
Strains 14 324.10 6.25 ¥% 
Error 126 51.88 

Total 149 


#¢ - Significant beyond the 1% point. 


Minimum significant differences: 5% - 6.4 oz. 
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In regard to yield of roots, the differences between 
varieties and within the various polyploid derivatives of some 
varieties were highly significant. In the Buszcezynski strains 
the difference between the triploid and the diploid was highly 
Significant, the tetraploid and the triploid differed very 
little, and the difference between the tetraploid and the dip- 
loid was significant. Similarly, the Schreiber diploid was 
highly significantly inferior to the tetraploid produced from 
it. The Sandomiersko and Great Western tetraploids displayed 
similar performances to their parental diploids. 

The average root yields of the hybrid tetraploids 
and the hybrid triploids displayed an interesting variation. 
The hybrid triploids (Sandomiersko én x Buszezynski 4n, and 
its reciprocal) produced similar yields very closely approxi- 
mating the average of the two parental diploids. This indi- 
cates no advantage for hybrid triploidy end further suggests 
that a tetraploid or a diploid is equally effective as a 
maternal parent. The Sandomiersko x Buszezynski hybrid tetra- 
ploid (XT 4107) produced very large roots averaging 45.3 
ounces each in weight. This yield was highly significantly 
better than both the diploids and both the tetraploids of 
the parental varieties. This suggests considerable worth 
for hybridity coupled with tetraploidy. The strain under 
discussion (XT 4107) had been reproduced once from the 
original cross and was therefore an Fo strain. As an Fy 


this strain was included in the yield test at Vancouver in 


eatatde blemysosent eds oT peers sutiene etew eeltets 
vigis esw plolghb edt bas blolgint edt tteewdied a sineeih i x ie 
ytev Berottib bloighxd oils bas biolgertes ond .Sosot thes abe 
~ghb oft bis biofiatted ot nvowted somerset tip ent bas ocak ; 
esw biolgib ted letioe ody spite tate tasokting sa as ‘ptok | 
3 eee 
beyslqetb ablolqsises rodeow ten) ous oxetedhobase ent... att. - 
-ebtolgts fagnoned teat od | econamctreq teLimie ; 
ablofasaded bindyd ets ‘to ableiy Foor ensteve ent | , * ; 


mort Heoyborg Riokgeesed and of sobtotnt ‘yltmeo tt 


-Hokdaltay Sheaibaas fs beyelge £5 eblolaitd bitdyd eds bas ) 
bas .sh ifenysdseud x aS ‘olasotmobasd) ebtotg td bhadyst acdh 


% <fxouqgys yLleeclo wiey ‘inte teLimie: peouhorg (Leootq toe ath 
‘a | 
sidat ati -eblolgth fevnotaq owd edt ‘ro sgeteve ectt jotta wee sg 


ve 


aseegnue codduyt Bae ebiolg ine biadya toi egednsvbs on eodso a Sar 
a B cB evitostio vifsupe et ptolgts B26 blolqented 8 ‘edt a. nT 

“sided Biradya hleaysosaud x ovate imobis’ ent  dneted tae i pie 
ares giisetevs etoot satel ytev booahene (Pols ux) 


yidusoliingte vidstd esw bleiy afi! .tdsatew ah fore ae 
baa 
Jc 


to ebhtoidsiser sdt dtod bne ebio{aib end diéod ile 


we 


‘dtiow eldareblenoo adeogaue ekki? ,eeldeliav lstae a 
tebag atatie oft -wbiolgstded b.Lw befguoo YtLbt OF 
elit mort eofro beouborden ased ber (Pond. x) a ae Bx — | 
i i F 

eA, . =: 


oF Ae 
: - ) 


fi 18 - ahendte ct os erotettedd enw one eects . 
ak tevu0onsY te seed bloly outs at bebu font gow ao 


Y. _ 7 _ Pt “ va a) 


se TE 


1941 reported on by Peto and Hill (21) and displayed the same 
Superiority. Its performance in the present test as an Fo 
is evidence for the stability of this synthetic tetraploid. 

The other Sandomiersko x Buszeznski hybrid tetra- 
ploid (XT 4126) was an F,, but not the parental material of 
(XT 4107). These two strains were related only in that they 
were developed from hybridization of tetraploids produced at 
different times from the same diploid parental varieties. 
The very poor performance of XT 4126 compared to the superior 
performance of XT 4107 is not easy to explain. It does 
appear however that the potentiality oehe: polyploid is depen- 
dent upon the inherent capacity of the particular dupleta 
individual from which it was developed. It is well known 
that all varieties of sugar beets are extremely heterozygous 
in genic material and therefore if, in the production of a 
polyploid, superior diploid individuals are selected fortui- 
tously it is reasonable to expect that the polyploids would 
exhibit relative excellence. However in dealing with heter- 
ozygous material, it is obvious that there are also chances 
of selecting mediocre or poor mterial. This matter will be 
discussed subsequently at greater length. 

The hybrid tetraploid Great Western X Schreiber 
(XT 4123) gave the highest yield of roots of any of the 15 
strains included in this test. This yield was significantly 
higher than both the Great Western 2n and 4n and also the 


Schreiber 2n. There was no Significant difference between 
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the Schreiber 4n and the hybrid 4n (XT 4123). The striking 
superiority of this hybrid tetraploid prompted its inclusion 
in a standard commercial variety test in 1943 and its perfor- 
send in that test will be dealt with later. 
Analysis of Percentage of Sucrose 

All roots from each plot were sampled by removing 
a radial sector extending from the outside of each beet to 
its centre and running the full length of the beet. This 
was done with a Sener! apiven rotary rasp. The samples from 
- the ten beets were composited and analysed as outlined above. 
The analysis of variance of the percentages of sucrose is 


presented in Table III. 


TABLE III 


Analysis of variance of percentages of sucrose 
of polyploid and diploid sugar beets 
grown in 1942. 


Variance due to Dee Mean squares F Value 


Replications 9 1.87 1.83 
Strains 14 2.29 2224 £4 
Error 126 1.02 

Total L49 


#¢ - Significant beyond the 1% point. 


Minimum significant differences: Sf - .90% 
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The percentages of sucrose of the various strains 
did not show as much variation as did the root weights. The 
4n, 3n, and 2n derivatives of the variety Buszeznski Showed 
no Significant variability. The seme situation existed 
between Sendomiersko en and 4n and also between Schreiber en 
and 4n. 

The Great Western tetraploid was significantly in- 
ferior to its diploid parent in percentage of sucrose; the 
Great Western X Schreiber hybrid tetraploid displayed similar 
inferiority to the Great Western diploid. There were no sig- 
nificant differences in the feo raee ees of the Great Western 
X Schreiber hybrid tetraploid, the Schreiber diploid parent, 
the Schreiber tetraploid, and the Great Western tetraploid. 

The hybrid tetraploids, Sandomiersko X Buszcznyski 


(F)-XT 4126 and F.-xT 4107) did not differ significantly from 


2 
their parental diploids or from the tetraploids derived from 
the parental diploids. Neither was there an apparent signif- 
icant adventage for the hybrid triploids of Buszezgnski X 
Sandomiersko. 

In penseal de may be Said that increasing the chrom- 
osome number decreased the enerece percentage of Sugar beets. 
This conclusion agrees in direction with that of Abegg (1) who 


found some polyploid strains significantly lower than their 


diploid parents in respect to percentage of sucrose. 
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Analysis of Sucrose per Beet 


The merchantable product from sugar beets is, of 
course, sugar or, more technically, sucrose. Therefore it 
follows that the total production of sucrose is the ultimate 
criterion by which a variety or strain must be judged. This 
value is the product of the two factors which have been dis- 
cussed latterly, viz., root yield and percentage of sucrose. 
Frequently this value is termed "indicated available sugar 
per acre" and is obtained by computing the product of root 
yield per acre and percentage of sucrose. In the present 
study it has been decided to express this value as "indicated 
sucrose per beet". 

The analysis of variance of sucrose per beet for 
which the means are given in Table I follows in Table IV. 

It should be pointed out that the indicated avail- 
able sucrose per beet is not all readily extractable by 
ordinary refining methods. Routine laboratory analysis also 
gives the percentage of Solids in Solution which are readily 
available as refined sugar. This value usually varies from 
85% to 88% under Alberta conditions and is referred to as 
the Upurity” of the solution. It is admitted that purities 
of the various strains may vary, but rarely has this vari- 
ability exhibited significant proportions under Alberta 
conditions. Hence it has not been introduced into these 


calculations. 
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TABLE IV 


Analysis of variance of indicated sucrose 
per beet of polyploid and diploid 
Sugar beets grown in 1942. 


Variance due to Deke Mean squares F Value 
Replications ) 1.75 088 
Strains 14 9.80 4.92 *€¢ 
Error 126 1.99 

Total 149 


4% - Significant beyond the 1% point. 


Minimum significant differences: 57, 


The analysis of variance of sucrose per beet in- 
dicated that in the strains derived from Buszezynski, the 
triploid significantly exceeded the diploid but there was 
no significant difference between the apparent sucrose per 
beet of the tetraploid compared to the parental diploid; 
neither was there a difference when the triploid and tetra- 
ploid were compared. 

Sandomiersko 2n and its derivative 4n showed com- 
parable sucrose production. The same was true of the Great 
Western en and 4n. However the Schreiber tetraploid yielded 
more Sucrose per beet than the diploid to the extent that 


the difference was highly significant. 
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The hybrid tetraploid Great Western X Schreiber 
led aby of the strains in the production of sucrose per 
beet. This strain was Significantly superior to both its 
parental diploids and also to the Great Western tetraploid; 
in addition significant superiority over the Schreiber tetra- 
ploid was approached. 

The hybrid tetraploid Sandomiersko X Buszezynski 
(ST 4107-F,) having placed second highest in both root 
weight and percentage of sucrose also displayed the second 
highest production of sucrose per beet and in so doing sig- 
nificantly outyielded both of its parental diploids and 
their tetraploid derivatives. This suggests an alded 
advantage for tetraploidy combined with heterosis. This 
consideration will be referred to in more detail later. 
Unluckily enough, the Fy hybrid tetraploid of similar origin 
(Sandomiersko X Buszezynski XT 4126) performed very poorly 
and thus detracts seriously from the faith which the perfor- 
mance of the F, would instil in the hopeful breeder. 

The hybrid triploids showed no significant dif- 
ference when compared to their diploid parental material. 

The standard en normal Variety, Dobrovice Select 
(34102), which was included somewhat as a measuring stick 
showed approximately an average performance in comparison 
to all the other strains in the test. Its values for root 
weight, percentage of sucrose, and indicated sucrose per 
beet were very close to the appropriate general means of 


the experiment in all three analyses. 
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Performance of Two Superior Tetraploids in Standard 


Variety Tests 
The results of the polyploid yield test just 


reviewed suggest the superiority of two hybrid tetraploids 
viz., Sandomiersko X Buszczynski (XT 4107) and Great Western 
X Schreiber (XT 4123). These strains were therefore selected 
for further study. The hybrid tetraploid (XT 4107), by virtue 
of its performance in the yield test reported by Peto and Hill 
(23), was included in the regular commercial variety test of 
Cenadian Sugar Factories Ltd. in 1942. The other superior 
hybrid tetraploid (XT 4123) was included in the regular var- 
iety test of the same company in 194%. In both of these 
years the commercial variety test consisted of a complete 
rendomized block experiment with six replications. There 
were Six normal diploid varieties and one hybrid tetraploid 
each year. The yield results in tons of sugar per acre 
(means of 6 replicates) are shown below in Table V. 

Thus it will be seen that the hybrid tetraploid, 
Sandomiersko X Buszezynski (XT 4107) stood at the bottom 
of all other varieties in the 1942 commercial variety test 
while the other hybrid tetraploid, Great Western X Schreiber 
(xe 4123), led all commercial varieties in the 1943 test. 
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TABLE V 


Comparison of tons of sugar per acre produced by 
one hybrid tetraploid and six normal diploid 
varieties in a commercial variety 
experiment in each of the years 1942 and 1943. 


Tons of sugar per acre 


Variety 1942 1943 
GeW. X Schreiber 4n (XT 4123) 3.28 
S'.K.0. 2.60 Beel 
Kuhn 2.56 3425 
RaG.O.T. ; 2.46 5.05 
Alta 2 2245 
Alta 3 315 
Pioneer Beek 2290 
Dobrovice Za 55 2286 
Imperial 2.40 
Sand. X Buse. 4n (XT 4107) 1.99 


It will be recalled that these two hybrid tetra- 
ploids XT 4107 and XT 412%, performed very similarly (Sucrose 
production per beet - 8.86 oz. and 8.66 oz. respectively) in 
the polyploid yield test of 1942 which has been referred to 
in detail. 

There was one deliberate source of variation between 
the polyploid yield test of 1942 and the commercial variety 

tests of 1942 and 1943. In the polyploid test the beets were 
grown in 22" rows and the spacing between beets within the 


row was also 22", this was done to eliminate competition; in 
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the commercial variety tests the rows were spaced 22" 
apart but the beets within the rows were at 12" spacing as 
in ordinary commercial production. No doubt this differ- 
ence in spacing had some effect on the behavior of these 
two hybrid tetraploids but in order to explain their rel- 
ative performance on this basis alone it must be assumed 
that the Sandomiersko X Buszezynski (XT 4107) responded 
very well to wide spacing but very poorly to eilene spac- 
ing and that the Great Western X Schreiber (XT 4123) 
responded very well on both wide and close spacing. 

Since it is not felt that differences in climate or soil 
type between the years 1942 and 1943 could account for 
much variation, no explanation other than spacing is 
offered for this wide discrepancy in performance. 

It. should also be said to the credit of the 
hybrid tetraploid (XT 4123) that its diploid parents 
Great Western and Schreiber were tested in earlier com- 
mercial variety trials and discarded because of their 
inferiority to some of the varieties that occurred in 
the test in 19443 and which were exceeded by the Great 
Western X Schreiber 4n hybrid. 

Polyploidy versus Heterosis. 

Throughout this discussion there has frequently 

arisen doubt as to whether the significant differences 


were due to polyploidy or heterosis or a combination of 
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the two. It is not possible to definitely assign the 
causal effects of indicated superiority at the present 
state of research and in view of the limited data avail- 
able. However all relevant data have been summarized 

and are presented below in Table VI. This table includes 
a summary of results of indicated sucrose per beet from 
4 separate experiments viz., polyploid yield tests in 
1942, 1943, and 1944 and a yield test of diploids and 
their inter=-varietal hybrids in 1945. The normal diploid 
variety Schreiber occurred in all tests and its yield of 
sucrose per beet has been taken as 100 in each test and 
the yields of all other varieties in each test bear the 
Same relation to 100 as their actual yield in each test 


bore to the appropriate yield of Schreiber. 
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TABLE VI 


Comparative yield ratios of sucrose per beet of various 
dipleid, hybrid diploid, polyploid, and hybrid 
polyploid strains of sugar beets grown in 
several different tests. 


Relative 
Strain Ace. No. Ploidy yield 
Schreiber 13802 en 100 
1945 hybrid yield test (8 reps) 
Schreiber X Kuhn 2n 83 
Kuhn en 88.2 
194% polyploid test (10 reps) 
Schreiber KX Dobrovice XH 4130 3n 117.5 
Sandomiersko X Schreiber XH 4246 3n 112.8 
GW. X Schreiber KT 4124 4n 107.3 
Schreiber T 4109 4n 104.7 
Sandomiersko X Schreiber XH 4245 3n 80.6 
1942 polyploid test (10 reps) 
GeWe X Schreiber XT 4123 4n 140.2 
Schreiber T 4109 4n 129.4 
Great Western 14114 en 120.9 
Great Western T 4144 4n Ne 
1944 polyploid test (10 reps) 
Schreiber X Dobrovice KH 4130 3n Neo AG] 
Sandomiersko X Schreiber XH 4246 3n 11600 
GeW. X Schreiber XT 4123 4n 99.7 


Schreiber T 4109 4n 935.9 
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Admittedly this table has many gaps. One would 
like to have seen all of the varieties going to make up 
the polyploids occurring in the tests as diploids and 
also as inter-varietal diploid hybrids. Only in such a 
way could an appraisal be made of the relative worth of 
polyploidy and heterosis. From Table VI it has been cal- 
culated that all tetraploids showed an average index of 
109.3 and all hybrid tetraploids had an average index of 
115.7. No significance can be established for this dif- 


ference but it may be indicative of a trend. 


ee 
GENERAL DISCUSSION 


The yield results of colchicine-induced poly- 
ploid sugar beets obtained from the reported experiment 
were comparatively variable and do not warrant extensive 
claims for superiority due to induced polyploidy. How- 
ever some of the induced-polyploid strains were sufficient- 
ly promising to indicate that this method of breeding can- 
not be justifiably ignored. 

The hybrid tetraploid (XT 4107) produced 427% 
more sucrose per beet than the average of its two paren- 
tal diploids. This increase was due Snkarely to an in- 
crease in root size Since the hybrid tetraploid had 41% 
larger roots than the parental average while in percent- 
age of sucrose the hybrid was a little more than 1% lower. 
When Similar comparisons were made for the other hybrid 
tetraploid (XT 4123) it was found that this strain showed 
27% increase in sucrose per beet; 34% increase in root 
weight and a diclemenise of 5% in percentage of sucrose. 

These are Somewhat more promising results than were 

secured by Abegg (2) who found three autotetraploid strains 
which exceeded their related diploid stocks in root weight 
by 15% but which due to a comparable decrease in percentage 
of sucrose showed no net gain in sugar production. The 
extensive photoperiod of Southern Alberta is apparently 


very favorable to the synthesis of sucrose (16). Asa 
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Pi 
general rule vigorous growing "tonnage" varieties display 


a much higher sucrose percentage under Alberta conditions 
than under more southerly conditions. This may account 
in part for the better performance of tetraploids in 
Alberta as compared to Beltsville, Maryland (2). 

Comparing triploids and diploids Peto and Boyes 
(20) reported that the two types were exactly equal in 
percentage of sucrose while the mean increase of triploids 
over diploids for root weight was 12.2% and for sucrose 
production 14.9%. 

In only one case has a sugar beet investigator 
(2) reported a significant inerease in percentage of suc- 
rose attributable to polyploidy. However Sullivan (28) 
working with ryegrass (Lolium perenne L.) found a highly 
Significant difference, in percentage of sucrose and also 
total sugars, for tetraploids over diploids. 

Sugar beet breeders are in general agreement 
that it is PeLawively easier, by standard breeding methods, 
to increase the yield of roots in a variety than to in- 
crease the percentage of sucrose. Many investigators have 
suggested, as a possible explanation of this, that a great 
many more factors are concerned in the inheritance of 


Sucrose percentage. 


* -—- Sugar beet varieties are divided according to perfor- 
mance into three general classes: tonnage type, Sugar 
type, and normal (intermediate) type. 
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Randolph (24) has shown that in maize, chromosome 
doubling of inbred lines greatly reduced their vigor while 
tetraploids derived from normal cross-pollinated stocks 
are equally or more vigorous than the original stocks. This 
writer postulated that the lack of vigor in tetraploid 
strains derived from inbreds was due to the doubling up of 
deleterious genes which were already homozygous at several 
loci. Since normal or increased vigor accompanied tetra- 
ploids derived from normally heterozygous (cross-pollinated) 
stock he concluded that homozygosity per se contributed to 
lack of vigor while heterozygosity in itself may be respon- 
sible for much of the vigor or heterosis exhibited by hybrids. 

Abegg (2) found a striking reduction in vigor when 
inbred strains of sugar beets were doubled in chromosome 
‘number. The tetraploids derived from inbreds yielded only 
one-half the weight of roots produced by the inbred diploid 
lines, whereas tetraploids produced from normal cross-pollin- 
ated strains were variable but generally quite similar to 
their parents in yield of roots. It seems therefore that 
the postulations of Randolph (24) would apply with equal 
force to sugar beets. Extending this line of reasoning to 
the experimental results of the present work it will be 
noted that the autotetraploids were similar in performance 
to their diploid parents, thus agreeing with Abegg (2), but 
two hybrid tetraploids were definitely superior particularly 


in root weight. 


emvcomorso os ts at dade ‘vories asi” rae ‘aq 
elidw topiv shold beouber qe 8 cc | cs 
, axtpote betectlfoq-aaoro Lawton son bi 
eid? .eiloote faatgbxo edd sett eyo 0% sie | 
pioLqextos ak tonlv ‘10 Weal) end’ taitd betsivdeor’ sottew 
to qu aabidvob esd o¢ eub aw eberdal sort beviteb emtente 
istevee #2 avogysomod ybeotis. stow slow eoneg ovoltete leh 
sanded belmeqmooon: ToOskv heesetont to Lamon eonke eae “Ae 
(Bedenttfoq-edore) avoptsoteded YEfeartou mov? bevineh ‘eptorg (a 
od besigitcenoe oe Teg qiisogywomod tedd pebulomos ed toote | 
_ sfoqeet ef yam tleedi at qiieosysoreded of bitw coy iv to foal is 
.ebitdyd yd bedidinxe etaoresed to togiv eis to down TOT eldte | 
freiiw TOgiv at aotdoubet Jaititte » puso (3) sgedA 
enoabmecte> mi beldyoh) Stow atosd TA2ue Lo ad ienté berdek | | 
yilio bebleiy aberdal wort bevine eblolqatded eit’ neuen 
bLofgih berdal odd “0 ‘beoubhoug adoor to trig tew exe nisdtinag om 


-ai{Loq-eeors Lewrom mot ia ea abtolasided | heal ae 


Jeuge dt¢iw yiegs blsow (48) MLORUST tO : abonbesiolll 

Od uninoeset to enil atid yabbnodxd -edeed {save o¢ oe | 

od Litw tt Axow dnozexg eff to ev iuaee comes 
eoueoriotie, at talimte erow: ehtolgsrtetodse silt — 

(8) ggeda dtiw sateorge, essai sadaereg Slog te 1 

F rs YLlettatteb exew pratima 
| - | | Fer Nea 5 


= ae 


Since the present study has provided only very 
limited data on the performance of hybrid polyploid sugar 
beets and since this phase of polyploidy apparently has 
not been explored by other investigators, it is not pos- 
sible to reach a definite conclusion. However, in accord- 
ance with Randolph's theory (24) it seems reasonable to 
hypothesize that the parental diploid materials used in 
this test contained a usual number of deleterious growth 
eenes in varying degrees of Weveron7eouity: The perfor- 
mance of the autotetraploids may have been dependent on 
the number of deleterious genes which were doubled in 
their derivation whereas the superiority of the hybrid 
tetraploids could be explained by the assumption that 
they were heterozygous at most of the loci containing 
deleterious genes. 

It is well known that sugar beet germ plasm 
is extremely heterozygous, extensive improvement ina 
variety frequently being made by mass selection (7). 
iven in a so-called "pure" variety the variation in size 
and percentage of Sucrose of individual roots is compar- 
atively large. Furthermore it has been shown (8) that 
normal Sugar beet varieties vary greatly in their com- 
bining ability. It is to be expected also that individ- 
uals within any one variety would very likely show dif- 
ferences in combining ability. In light of these con- 


Siderations and bearing in mind that the polyploid strains 
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studied in the present work were generally derived from 
very few seeds it becomes less difficult to understand 

the extreme variability exhibited in the performance of 
some of the strains. That polyploid strains superior to 
their parental diploids have been produced seems to have 
been amply proven; however, it seems to have been equally 
well proven that it would not be possible, given the same 
varieties of original material, to produce a Similarly 
superior strain with any degree of regularity. 

The present results indicate that it is not 
possible to predict the performance of 4 induced poly- 
ploid on the basis of the yielding capacity of its paren- 
tal diploid variety. However when tetraploids were pro- 
duced from inbred strains by Abege (2) there seemed to be 
@ positive correlation between the yield of the induced 
tetraploid and the yield of the inbred strain. This would 
be expected since the inbred line would likely be relative- 
ly Renoveens aad there would be less variation among the 
individuals within the strain. However in the present 
work, tetraploids produced by random selection of a few 
seeds from a standard variety seemed to bear no orderly 
relation in performance to that of the parental variety. 

A similar result was reported by Abegg (2). In the present 
state of knowledge it does not appear possible to explain 
the variable excellence of induced-polyploid strains except 


by attributing it to the fortuitous selection of a few 
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parental seeds which perhaps were not necessarily represen- 
tative of the variety. 

This inference suggests a more hopeful approach 
toward sugar beet improvement by induced polyploidy. 

Normal diploid varieties must be selected and improved and 
their combining ability determined to the extent that their 
breeding behavior can be predicted; the evolution of poly- 
ploids from this superior material should be far more 
fruitful of consistent improvement. 

Those who would attempt an appraisal of the worth 
of induced-polyploid sugar beets would find it difficult, 
from available evidence, to establish their superiority. 
Their percentage of sucrose has been generally poor. Their 
overall performance has been generally inferior. But though 
it cannot definitely be said with truthfulness that poly- 
ploids are an improvement over normal strains, nevertheless, 
one cannot justifiably overlook the manifest expression of 
increased vigor in some polyploids; their frequent excellence 
in root Size, the occasional accompaniment of increased 
Sucrose percentage, and the combinations of these which have 


produced strains of decided promise in experimental material. 


es trrenod atom Beis 
bas bevougl sas BTL od ten ‘ sivetiav 
ye todd seotee edt od Somtarrosob valida 5 . edd 
-yloq to notiaLove eid :betotbera od f5o sotvaded aalboosd * 
stom = od biwode is redam softequa alae noxt ebtoly, - 

.thomevongmt taeda tenoo 40. sus Lo | 


ddrow oui to leetetags 1s. ‘tamed 3 SLuow ‘ontw exo, i 
Pinotiis oi batt hbivow edesd Tage ptolgyloq-beousutt ‘TO : 
«YWluolreque tied detldetes oF. sonebive eldeliews mort k ) 
tisiT ~.100¢ viletonss rood and evorove io egedneoteg ated? | 


davodt ty .toktetni YElerenss. Band esl eoimmrotTe ferent a 
aay ea : yl ae nhe, 


-yloq Jat aconlutstoyrd iti biee od vied tniteh fomns9 vt ie ie) 
aeeLledste ren aciwrte fsurron reve Jnamevoramt ne ots eptoig | @ ’ " : 


‘to nolfesertqxs teotLimam ods {ooltevo Udetrisast Foriuts 9 en 


‘gt i‘ 


sonelleoxe Snopes stout rablolfetog e010 git togiv bozsetont 


os 


boanetomi to dudintnsamosoa Leino tees oo ode. outa. ‘toon ob 


a 
eved dofdw eeu to anottaaidmoo eit bas .qpadueorod ccorou 


qialtetem Isinowisogxe ud arias bebtoeb to entenrta ‘beow. - 


ce) 


(2) 


(3) 


(4) 


(5) 


(6) 


- 35 - 
CONCLUSIONS AND SUMMARY 


Polyploids of sugar beets can be readily pro- 
duced by treatment of the seed with colchicine and 
subsequent selection of the abnormal individuals on 
the basis of morphology, cell size, pollen size, and 
chromosome number. 

Colchicine-induced tetraploids are relatively 
stable and fertile and produce satisfactory quantities 
of viable seed. 

Generally speaking colchicine-induced polyploids 
studied in this experiment tended to exceed their par- 
ental diploids in root size. 

Percentage of sucrose was affected relatively 
less than root size by chromosome doubling and al- 
though there were relatively few significant differ- 
ences these were never in favor of the polyploids. 

On the basis of sucrose per beet, one tetra- 
ploid and two hybrid tetraploids showed highly sig- 
nificant superiority over the appropriate parental 
diploid material. o 

It was not possible to separate the effects due 
to polyploidy and heterosis and both are thought to be 


Operative in the superior hybrid tetraploid strains. 


-O%4, elise ed 189 ateod: teaye 10  ebtotert 
bas aca ‘Ad bw booe edd <0 gaondbend ‘ud a 
0 efsubivibat feuroads etd 40. sotsoatea jnoupendie 


bits amare one ui ffeo taotoig ton 26 ‘elase eds 

| stedmnt emozomorde | | 

yievitalet sts ablolgatded beowbist-entotifo too (3) 
See Oe viodosteliee soubors bate olivrte't bits eldatse mie 
. beee eldeiv To 

ebrolqulog ee We Te Poe antieca? Yi tetened te 
~tsq titedd beesxe ot HoBbated Jetomt Ete que etad nt bobs 
_ 998ke door at ablolgth Istae 

ylevitslet besootis egw peotude te ogetneote4 i 
-is tis GEBOROE ancoudoRte yd exie toot asd? eeel 
~tethib Hisolitaste wet Yleviseler otew etedd dauodd 

- .ebtolayfoa eds fo Tove? mE teven stow esedd 2eome 


-Biges emo ,teed ted SeOTONe. To efesd edt m0 


“nie yids td bewoule sacha coal bEided owd Boe piste 
Sssnetsg statigotqge eft revo veitolreque daso tts : 
. ig ited sm blofqitb 


evh etoetie odt etstsgee of eldteaog son saw oT 


aa : tial 
ae vo. vel t fi ‘ 


(7) 


- 36 - 


The performances of the polyploid strains were 
extremely variable and it is suggested that this can 
be explained in part by the extreme heterozygosity of 
the parental material as well as the paucity of in- 
dividuals from which the polyploids were developed. 

Induced polyploidy may improve the productive 
capacity of sugar beets but results will likely be 
more consistent if only proven diploid material is 


used in the synthesis of the polyploids. 
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